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NOTATION

CONVENTIONAL SYMBOL APPEARING

SYMBOL ON PLOTS DEFINITION

AN COS COEF The cosine coefficient of the

Nt.h harmonic*

BN SIN COEF The sine coefficient of the

N.h harmonic*

D --- Propeller diameter

J --- Apparent advance coefficient

Jv = V (dimensionless)

nD

N N Harmonic number

n --- Propeller revolutions

r/R or x Radius or RAD. Distance (r) from the propeller
axis expressed as a ratio of the

propeller radius (R)

V VActual model or ship velocity

V b(x,) Resultant inflow velocity to
blade for a given point

Vb(x) Mean resultant inflow velocity
to blade for a given radius

V (x,B) VR Radial component of the fluid
velocity for a given point
(positive toward the shaft

centerline)

V (x) Mean radial velocity component
for a given radius

V (x,e)/V VR/V Radial velocity component ratio~r
for a given point

r (x)/V VRBAR Mean radial velocity component
r ratio for a given radius

4 V (x,9) VT Tangential component of the
t fluid velocity for a given point

(positive in a counterclockwise

direction looking forward)

See footnote on the following page
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NOTATION (Continued)

V (x) --- Mean tangential velocity component
t for a given radius

V (x,6)/v VT/V Tangential velocity component

ratio for a given point

Vt (x)/V VTBAR Mean tangential velocity component
ratio for a given radius

(Vt(X)/V)IN AMPlITM)E Amplitude (BN for single screw
symmetric; CN otherwise) of Nth

harmonic of the tangential velocft,,"
component ratio for a given tad',-

V (x,} Vi Longitudinal (normal to the plane '

X of survey) component of the fu!ld

velocitv for a given point (positi%e

in the astern direction)

V (x) Mean longitudinal velocity com-
x ponent for a given radius

V (X,e):V VX/V Longitudinal velocity component
x ratio for a given point

V-x (X)/V VXBAR Mean longitudinal velocity component
X ratio for a given radius

(Vx (x)/V) N AMPIITUDE Amplitude (AN for single screw

symnmetric; CN otherwise) of Nth

harmonic of the longitudinal
velocity component ratio for A

given radius*

T PHASE ANC1,E Phase Angle of Nth harmonic*

A *The harmonic amplitudes of any circumferential velocity distribution f(6)

are the coefficients of the Fourier Series:

f(a) A +L~ AN o (NO) +~ B~ stn(NO)
N 4*

A + CN sin(NR + CN

.x.v
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NOTATION (Continued)

l-w(x) l-WX Volumetric mean velocity ratio
from the hub to a given radius

r/R

2 (V (x/V) x dx

1-w(r/R) =

rhub/R

2 )

(r/R) (rhub/ R)

where V (x) , = cd"
x 0 2

Cand V (x,9)r
' )  

('(X~
"  )

-(\' (xc,*-' v tan
t

l-wv(x) I-WVX Volumetric mean velocity ratio from
the hub to a given radius (without the

tangential velocity correction)

r'
(V W ," V,< )\' ' x • dx

l-w(r/R) = rhub R

(r/RW - (r hubR

8(x,-) Advance angle in degrees for a given
point

O(x) BBAR Mean advance angle in degrees for a
given radius

BPOS Variation of the mix[m.ii adaace a.gle
from the mean for a given radiu;
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NOTATION (Continued)

BNEG Variation of the minimum ad, ance
angle from the mean for a g ven
radius

Angle in Degrees Position angle (angular cooidinate;
in degrees

- -x/j . V ___ Prop( ler

','F(CI'T( DIA(;RAi OF BE'"A AN;I ES

EN;LISH/SI EQUIVALENTS

ENGLISH Si

I inch 25.400 muil im te'rs (0.0254 m (mett,:-s]j

I it ot 0. 1048 i imeter ;)

1 foot per second 0.3048 m/sec (meter:; per second) )
1 knot 0.5144 m/sec (meters per second)

4 pound (force) 4,4480 N (Newtons)

I degree (angle) 0.01745 rad (radians)

I horsepower 0.7457 kW (kilowatts)

I long ton 1.016 metric tons or 1016 kilograrts;

1 inch water (600F) 246.8 p.' (pascals)
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ABSTRACT

This report describes a series of model

experiments conducted as part of the overall
project of the David Taylor Naval Ship R&D Center
(DTNSRDC) to adapt controllable pitch propellers
to the needs of high speed combatant ships. The

first set of experiments was conducted on a model
of the R/V ATiENA, with and without the port pro-

peller operating. The second set of experiments
repeated the first, except that the Bass Dynamometer
Boat was mounted aft of the model. The third set
was a series of idealized wake distribution experi-
ments, in which the model was removed and the pitot
rake was mounted upstream of the Bass Boat The
effect of an operating port propeller on the mean
starboard wake d i st r ibuti ion was small The pres-
ence of the Bass Boat beh ind the ATHENA model,
however, affect s bot h the mean values and the
harmonic content of the wake. Finallv, one
ideal ized mean wake cdistribution was shown to he
weakly dependent on speed, and the harmonic content

of wakes at two different speeds differed by less
than three percent.
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The oypri ment:!! pocram was initiate d and funded by the Naval Sea

Systems Command (NAVSI.\ ()SR) under Fask Area S01379001. This work was

performed at the David Taxl'or !Naval Ship R,.1 (:enter (DTNSRDC) under work

unit number 1524-641. The preliminary data analysis was performed by

Chi Associates, Ina. (('A\M) under contract to DTNSRDC.

4

/,

4

0a



INTRODUCTI ON

As part of its overall project to adapt controllable pitch propellers

to the needs of high speed combatant ships, the David Taylor Naval Ship

Research and Development Center (DTNSRDC) conducted a full-scale wake

I
survey aboard the R/V ATHENA in September 1977 as reported by Day et al

The specific goal of this project was to obtain propeller disk velocity

component ratios in the wake of a full-scale ship. In addition,

propeller blade loading experiments have been completed for the R/V ATHENA.

Subsequent to the full-scale wake trials, a series of wake surveys

were conducted on a model of the R/V ATHENA. These experiments were

designed to evaluate the model wake at one propeller location, both with

and without the other propeller operating. In addition, wake survey

experiments were conducted with and without the Bass Dynamometer Boat

mounted aft of the model. The Bass Dynamometer Boat was used in the blade

loading experiments to drive the propeller and dynamometry systems from

behind the model. The wake information was necessary to account for

the effect of the Bass Boat on the flow into the propeller in the analysis

of the blade loading experiments. Several idealized wake distributions

were measured, and will be used for blade loading calculations for a

propeller operating in an idealized wake. An idealized wake is the break-

ing dtown of a wake field into a purely longitudinally dominated wake by a

wake screen or a purely tangentially dominated wake by inclining the flow

hi angle. The blade loading calculations for the R/V ATHENA will be compared

with experimental force measurements on a model propeller to help determine

the validity of the load calculation method and will be reported later.

References are listed on page 16.

2
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EXPERIMENTAL PROCEDURE

The experiments described in this report measured the propeller disk

velocity components under a variety of operating conditions. In the first

set of experiments (Experiments 3, 9 and 10), wake measurements were

obtained from the starboard propeller plane of the model with, and without

the port propeller operating. In the second set (Experiments 11 and 12),

measurements were taken with the model followed by the Bass Dynamometer

Boat, with and without the port propeller operating. The third set of

experiments (Experime'nts I i through 16) consisted of idealized wake surveys.

'he A I'HI.NA model was removed, and i pitot tube rake was mounted ahead of

the Bass a),.-timot ter Boat . These experiments were run behind a screen

which provided ;i idealized wake distribution.

DTNSRDC Model 5365, representing the R/V ATHENA (PG-94), was constructed

to a linear ratio of 8.250, in accordance with model specifications of the

Naavil Sea Systems Command (NAVSEA 05R). Model and ship characteristics

are presented in labl 1. The model was fitted with shafts and struts,

a centerlie skeg, and stabilizer fins. Model rudders were not included.

[llN:.lC lp itot tube rake nuhle[br 7 Was mounted in the model thirough the

st arboard shatt ing. Differential pressure gauges were used to measure

the velocit ies in the plane of the propel ler at four radial locations.

A sketch of the pitot rake on the model is shown in Figure 1. The rake as

fitted to Model 5365, including the five-hole spherical pitot tubes, is

iihown in Figure 2.

Tie lTNSRI)C Bass Dynamometer Boat (Model 5271) was employed in all

but the first three experiments. It was mounted in the same location

in which it had previously been run to study unsteady propeller blade

/
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forces behind a model, and was later mounted behind the pitot rake and

wake screen.

The experimental program, as it pertains to this report, is described

in Table 2. The experiments being discussed are 3 and 9 through 16. All

the other experiments (1, 2, and 4 through 8) are discussed in another

2
report by Hurwitz and Crook . Experiment 3 was a conventional wake survey

experiment which measured the Model 5365 starboard wake without the port

propeller operating in the initial setup. Experiment 9 repeated this

test to verify that the model conditions were essentially unchanged in the

second setup from the original. For Experiment 10, with the port propeller

operating, the model conditions from Experiments 3 and 9 were duplicated.

Experiments 11 and 12 were again conventional wake surveys, with the

pitot tube rake mounted from inside the starboard shaft; but the Bass

Dynamometer Boat was attached downstream of the ATHENA model. Experiment

11 was conducted without the port propeller, and Experiment 12 with the port

propeller operating. A sketch of the experimental radii taken with the

pitot tube arrangement behind the hull sections is shown in Figure 3.

Figures 4 and 5 are profile and quartering photographs of the pitot tube

rake and the ATHENA model. Figure 6 shows the experimental setup during

Experiments 11 and 12.

Experiments 13 through 16 were conducted to create idealized wakes.

Data from these wake surveys were required to perform calculations of

A unsteady blade loads for comparison with experimental results. Experiment

13 modeled an uniform flow with the rake inclined at 20 degrees (0.349

radian), as shown in Figure 7. Experiment 14 was performed to measure

the flow behind a one-cycle wake screen with the bass dynamometer boat

444



and rake both at zero degree inclination. Figures 8 through 10 show the

wake screen used, and Figures 11 and 12 show the experimental setups.

IFinally, Experiments 15 and 16 were uniform flow surveys at ten degrees
(0.175 radian) inclination of the bass dynamometer boat and rake at model

speeds corresponding to full-scale speeds of 17.2 and 8.6 knots (8.8 and

f 4.4 m/s), respectively. Also the single cycle wake screen was removed

during Experiments 15 and 16.

The full-scale propeller disk was 6 feet (1.83 meters) in diameter.

The radii at which measurements were made, expressed as ratios of the

propeller radius (r/R), were 0.456, 0.633, 0.781, and 0.963. The plane

in which the velocity measurements were taken was the starboard propeller

plane located 146.2 feet (44.56 meters) aft of the forward perpendicular.

The ATHENA displacement was 263 tons (267 metric tons), and the model trim

was locked at a speed corresponding to a 20 knot (10.3 meter/second) ship

speed, with the pitot rake in the zero degree position.

The wake measurement system consisted of a pitot tube rake and four

differential pressure gages. The rake has five 5-hole spherical pitot

tubes mounted in a common housing. Measurements were not made using the

j innermost pitot tube because of the flow interference between the pitot

tube and the propeller hub. Figure I shows the arrangement of the rake

and the pitot tubes. A description of the use and the calibration of 5-hole

~3
tubes is given by Hadler and Cheng.

The carriage computer integrated the four pressure signals from each

g pitot tube, the model speed, and the angular position of the rake, over a

" 5-second period. Digital voltmeters and frequency counters monitored the

3computer values. The computer collected the pressure data for each of the

1 5
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four pitot tubes. The rake was then rotated to a new angle, and the

procedure was repeated until data were obtained throughout the entire

rotation of the rake in the propeller disc.

Velocity component ratios were computed from the pressure data using

established computer programs. The circumferential distributions of the

longitudinal, tangential, and radial velocity component ratios were plotted

for each radial location. Plots of the data were generated by a Control

Data Corporation (CDC) Computer using a CALCOMP Plotter. Data were checked

for random errors and agreement with previous experiments. Interpolation

of the velocity component ratios in the radial and circumferential

directions was made. This process yielded interpolated data every 2.5

degrees (0.044 radians) for four experimental radii, and for additional

selected radii (interpolated radii). The mean longitudinal, tangential,

and radial velocity component ratios; the volumetric mean wake; and the

me;n and extreme values of the advance angles were computed and are presented

in this report. The advance angles were calculated using an advance

coefficient, "Jv of 0.739. Explanation of this terminology and a diagram

showing the relationship among the velocity vectors, the advance coefficient,

and the advance angles are presented in the "Notation" section of this

report.

Harmonic analyses of the circumferential distributions of the

longitudLnal and tangential velocity component ratios were computed for

the experimental data. The harmonic content was determined by Fourier

)eries analysis. The results of the harmonic analyses are presented as

amplitudes and phase angles of a sine series.

6



I ACCURACY ASSESSMENT

The instrumentation accuracy and the repeatability of wake survey
i 3 4

experiments have been discussed in detail by Hadler and Cheng, and Day .

The mean velocity component ratios and the harmonic amplitudes of these

ratios all repeat within one percent of the model velocity. The accuracy

Iof the entire velocity survey measurement system was also determined to

be one percent of the model velocity, except in flow regions where steep

velocity gradients occur, such as behind a shaft strut. In these high

gradient regions, the accuracy was shown to be much less. These error

bounds were derived for wake surveys calculated at model speeds of at

least four knots, with the accuracy decreasing at lower speeds.

All data comparisons which follow will be referenced to the model

velocity. Since the accuracy is on the order of one percent of the

model velocity, highe order harmonics, whose amplitudes tend to be less

than ,ine percent of model velocity, cannot be considered to be as accurate

as the mean values and lower order harmfonics. The small higher order

harmonics do not make a significant contribution to the reproduction of

the velocity component ratios, though they do contribute to moments and

forces calculated from the wake harmonics.

PRESENTATION AND DISCUSSION OF RESULTS

I EXPERIMENTS 3, 9, AND 10 - EFFECT OF OPERATING PORT PROPELLER ON
CONVENTIONAL WAKE SURVEYS

I Experiments 3, 9, and 10 were conventional wake surveys of the star-

board propeller plane of the R/V ATHENA (Model 5365). Experiment 3 was

conducted without the port propeller operating, Experiment 9 was a check of

/
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Experiment 3, and Experiment 10 was identical to Experiment 3, except that

the port propeller was operating.

A listing, of the input data for Experiment 3 (without the port propeller

operating) is presented in Table A-i, of Appendix A. The circumferential

distribution of the longitudinal, tangential, and radial velocity component

ratios from Experiment 3 are shown in graphical form for each pitot tube

radius in Figures A-I through A-4. Included in these figures are the data

from Experiment 9, which agree with the data for Experiment 3. The mean

loac itudi nal (VXBAR), tangenti.a (VTBAR), and radial (V!BAR) velocity

c ow pon.iit ratios, and the volumetric mean wake I-WX) are presented in

:I1 A-'. F ao qtisnt it is, except the radial mean, art, presented

graphical Iv in Figure A-5.

The calculated mean values of the advance angle (BBAR), and the

extreme variations (BPOS and BNEG) are shown in Figure A-6 and Table A-2.

Tat leu, A 3 throu,gh A-6 present the harmonic analyses of the circumferential

distributons of the longitudinal and tangential velocity component ratios

at the experimental and interpolated radii.

BI c I ;Ai r Lr pl, scll L Cd il l a S mi. lar form l-or Xp.L'i L7mel. L I) (witi

th h port propeller operating). The circumferential distributions of the

valwcit y component ratios are presented in Appendix B as Figures B-1 through

IW-, tht> input data are listed in Table B-1, and mean values are presented

A in F igures B-3 and B-6, and Table B-2. The results of the harmonic analyses

are prCSen ted in Tables B-I through B-6.

lwhen the results from Exper ments 3 and 10 are compared, only small

dii ,,rcnena are seen. The mean values for the input radii of longitudinal,



tangential, and radial velocity listed in Tables A-2 and B-2 agree in

most cases to within one percent of the freestream velocity. The cir-

cumferential meai. values from Experiment 3 are not consistently higher

or lower than those from Experiment 10.

The results of the harmonic analyses compare just as favorably. For

example, at the input radii, the amplitudes of all harmonics of the

longitudinal, tang at ial, and radial velocity component ratios differ by

less than one percent of freestream. The phase angles, however, are

different at several radii. The good agreement of the data, all within

experimentaI accuracy, for Experiments 3 and 10, indicates only a small

effect on the starboard wake is realized when the port propeller is

operat ing.

EXPERIMENTS 1i AND 1.2 - EFFECT OF OPERATING PORT PROPELLER IN FRONT OF
BASS DYNAMOMETER BOAT MOUNTED DOWNSTREAM

Experiments 11. and 12 were conventional wake surveys on the starboard

propeller plane of the R/V ATHENA (Model 5365), with the Bass Dynamometer

Boat (Model 5271) mounted downstream. This setup physically modeled the

unsteady blade force experiments mentioned previously. Experiment 11 was

conducted without the port propeller operating, and Experiment 12 was

identical to Experiment 11, except that the port propeller was operating.

The circumferential distribution of the longitudinal, tangential, and

radial velocity componeTIt ratios for Experiment 11 are shown graphically

for each pitot tu:)e radius in Appendix C as Figures C-I through C-4. A

list ing of the input data is presented in Table C-1. The mean longitudinal,

tanent ial, and rad ial velocity component ratios and the volumetric mean

wake are presented in Figure C-5 and Table C-2.

9
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The calculated mean and extreme values of the advance angles are also

shown in '[able C-2 and in Figure C-6. Tables C-3 through C-6 present the

results of harmonic analyses of the circumferential distributions of the

long itud inal anid tangent ial veloc ity' component rat ios at the experimental

IiUiiLv polated rad ii.

The results are presented in a similar forn for Experiment 12. The

CirCUMferent~ial diStributions Of the velocity component ratios are

preSLent ed in Fign res D-1 thbrough D-4, the input data is Ilisted in Table

1)-I , and the meanIl valnues are presented in F igoures D1-5 anid D-6, and in

T;Jb1e D)-2. The hlarmon liC analyss r presented in TableCs D)-3 t hrough D-6.

<. hen the renIsfrom Exper iments 11 and 12 are compared, uniy small

1 i renc-a re cll.lie me1anl Values of tile long it liris I, ta-ngent Lal,

and rad ial velocity component ratios for the input radii all agree to

withli.n one percent of freestream. At each radius, the longitudinal mean

veloc ity' component ratijo is slightly higher with the port propeller

operait ini (Expe-riment 12). However, thle values are so itearly the same

that no conclIn ions can he dIrawn regarding the trend.

Teresul t-, of the harmonitc analyses also compare favorably. For

a~al ,-t the inpUt rajdii, thev ampl itudes of the first harmonic of the

lob;i im ius1 t a i vcomponent ratijos differ less than one percent of

rees-t ream. Trhe phase angles, however, are different for several of the

rad i i. Thew harmonics of thle tangent lal veloc ity component ratios also

,;iow _uuod igrCOVIL'Ilt , with t he d if ferences beting very small compared to

fr 'e--.t r cam with uodphatse angle agreement . These results further verify

t,,car I i r conchIis ions, I ha-t withI thle Port propell1cr operating only a

OAsI I ft cc i on lhe sitar board wake d ist ri but ion Is real ized.

4 10



EXPERIMENTS 9 AND 11 - EFFECT OF BASS DYNAMOMETER BOAT MOUNTED DOWNSTREAM

The results already presented from Experiments 9 and 11 can be compared

to determine the effect of the Bass Dynamometer Boat on the ATHENA model

wake. The differences are very significant. The mean values of the

longitudinal velocity component ratios in Tables A-2 and C-2 showed

differences of 10 to 20 percent of the model velocity. The longitudinal

velocity component ratios were always smaller with the Bass Dynamometer

Boat behind the ATHENA model, as expected. The tangential and radial mean

ratios also changed, though no consistent trend was evident.

The harmonics of the longitudinal velocity component ratios showed

sonie d if f crenc0;. For example, the amplitude of the first harmonic is

slightly less when the Bass Boat is present; however, the fifth harmonic

shows the opposite trend, that is, slightly higher when the Bass Boat

is present. The tangential harmonics differ only slightly. For example,

tile amplitirdes of tho fivst harmonic taken with the Bass Boat differed by

about 2 percent of freestream when compared to the amplitudes of the

first harmonic without the Bass Boat.

EXPERIMENT 13 - IDEAIIZEI) WAKE SURVEY AT LARGE INFLOW ANGLE

Experiment 13 was an idealized wake survey conducted with the Bass

Dynamometer Boat downstream of 'nly the pitot tube rake, that is, no ATHENA

model was present for this experiment or single cycle wake screen. The rake

inclination to the direction of travel was 20 degrees (0.349 radians).

The circumferential distribution of the longitudinal, tangential, and

radial component ratios for Experiment 13 are shown graphically for each

pitot tube radius in Figures E-1 through E-4. A listing of the input data

11
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is presented in Table E-1. The mean longitudinal, tangential, and radial

velocity component ratios and the volumetric mean wake are presented in

'able E-2 and Figure E-5.

The calculated mean and extreme values of the advance angles are shown

in Figure E-6 and Table E-2. Tables E-2 through E-6 present the results

of harmonic analyses of the circumferential distributions of the longitudinal

and tangential velocity component ratios.

The mean values presented in Table E-2 are not uniform for all radii,

though all differences are less than three percent of model velocity. The

circumferential mean values of velocity components for this experiment

indicate that the Bass Dynamometer Boat not only retards the flow, but also

has a small effect on the radial distribution of the flow.

EXPERIMENT 14 - IDEALIZED WAKE SURVEY WITHOUT ANY INFLOW ANGLE BEHIND

A WAKE SCREEN

Experiment 14 was an idealized wake survey conducted with the Bass

Dyinamometer Boat mounted at zero degree inclination downstream of a one-

cycle wake screen. The results are presented in a form similar to

Experiment 13. The circumferential velocity component distributions are

presented in Figures F-I through F-4, the input data are listed in

Table F-1, and the mean values are presented in Figures F-5 and F-6 and

Table F-2. The results of harmonic analyses are presented in Tables F-3

through F-6.

The circumferential distributions shown in Figures F-I through F-4

indicate that the wake screen did indeed produce a one-cycle wake with a

peak-to-peak variation to longitudinal velocity component ratio of about

0.3. Table F-2 indicates that the mean longitudinal velocity component

/
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ratio is about 0.63. The longitudinal harmonics presented in Table F-3-£

indicate that even though the wake has only one cycle the higher harmonics

are still significant.

EXPERIMENTS 15 AND 16 - EFFECT OF SPEED ON IDEALIZED WAKE SURVEY

Experiments 15 and 16 were idealized wake surveys conducted with only

the Bass Dynamometer Boat downstream of the pitot tube rake. There was no

single cycle wake screen during these experiments. The rake inclination

to the direction of travel was ten degrees for both experiments. Experi-

ment 16 was identical to Experiment 15, except that the towing speed of

Experiment 16 was one-half that of Experi-ment 15.

The circumferential distribution of the longitudinal, tangential,

and radial velocity component ratios for Experiment 15 are shown in

Figures C-1 through G-4. A listing of the input data is presented in

Table G-1. The mean longitudinal, tangential, and radial velocity

component raio- and the volumetric mean wake are presented in Table G-2

and Figure G-5.

The calculated mean and extreme values of the advance angles are shown

in Figure C-6 and Table G-2. Tables G-3 through G-6 present the results

of harmonic analyses of the circumferential distributions of the longit-

udinal and tangential velocity component ratios at the experimental and

interpolated radii.

)! The results are presented in similar form for Experiment 16. The

Acircumferential velocity component distributions are presented in Figures

11-I through H-4, the input data are listed in Table 11-I, and the mean

values are presented in Figures H-5 and 11-6 and in Table H-2. The results

of harmonic analyses are presented in Tables H-3 through i-6.

13



When the results from Experiments 15 and 16 are compared, only small

i iferences are noted. The differences between mean values presented in

1ables G-2 and If-2 are not significant with a maximum difference of about

,Ie percent of model velocity in the longitudinal mean, and a maximum

difference in the tangential and radial means of less than one percent.

The harmonics do not compare as favorably as the mean values, although the

amplitudes of the first harmonic of the tangential velocity component ratios

at the input radii differ by less than three percent of model velocity.

Fhe amplitudes of the first harmonic for the longitudinal ratios are in

better agreement with the maximum difference being less than one percent

of model velocity. These small differences indicate this idealized wake

is only weakly dependent on speed.

CONCLUSIONS

(1) The effect due to the port propeller operating on the starboard

mean wake distribution is small. This effect was illustrated twice and

established no noticeable trends in the mean velocity component ratios.

(2) The Bass Dynamometer Boat mounted aft of the R/V ATHENA very

aignificantly affects the mean longitudinal velocity component ratios.

These mean longitudinal velocity component ratios with and without the

Bass Dynamometer Boat differ by 10 to 20 percent. The results of the

harmonic analyses show smaller trends. The radial distribution of the flow

is also slightly influenced.

(3) The Bass Dynamometer Boat affects each radius differently due to

the bass dynamometer blunt bow causing greater flow obstruction when at a

20 degree inclination.

14
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(4) When a single cycle wake screen is mounted upstream of the Bass

Dynanometer Boat, both at zero inclined angle, the wake screen affects the

peak to peak fluctuations in the longitudinal velocity component ratios.

Thecse peak to peak fluctuation ranges are half the total mean longitudinal

velocity component ratio values. The single cycle wake screen affects the

higher harmonics significantly.

(5) The ideal izod flow wake surveys show a weak dependence upon

V .I oCitv when thk Bas; D\namomet er Boat and rake are mounted at a ten

vg rvc ang] e of inc I inat ion to the free surface without any single cyc le

s'ske screen pruscnt

I15
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Figure I Rake Arrangement Sketch Showing Five Spherical Head Pitot Tubes
with Five Holes Each
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PSD 0607-5-78-1

Flire 8 -Wake Screen Photograph Showing Downstream View at Spherical
Head Pitot Tubes Used for Idealized Flow Experiment 14
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SCREEN SIZ

REGION WIRES DIAMETER

SUPPORT (ALL) 160.9

1 ivtre 9 -S(chernat j of W ake Screen Wirt, Sections a nd Sizes UsedI for Ideali zed Fl ow Experiment 14
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TABLE I

Ship and Model Characteristics

R/V ATHENA Represented by Model 5365

Ship Model

Length Between
Perpendiculars 154.0 ft (46.9m) 18.6 ft (5.7m)

Length Overall 164.5 ft (50.1m) 19.9 ft (6.1m)

Maximum Beam 24.0 ft (7.3 m) 2.9 ft (0.9m)

Displacement 263 tons (267.3 tonnes) 1020 lbs (462.6 kg)

Wetted Surface 3413 ft2 (317.1 m2) 50.15 ft2 (4.659 m2)

Draft 5.63 ft (1.72 m) 0.682 ft (0.208 m)

Trim by Stern 0.59 ft (0.18 m) 0.071 ft (0.022 m)

Propeller Diameter 6.0 ft (1.8 m) 8.73 in (22.2 cm)

Linear Scale Ratio 8.25 1.0

Propulsion: Twin screw, controllable pitch, 4 blades each

Appendages: Twin stabilizers, main shafts and V-struts, twin rudders,

centerline skeg

2
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APPENDIX A

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENTS 3 AND 9
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APPENDIX A

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENTS 3 AND 9
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TABLE A-i

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,
MODEL 5365, EXPERIMENT 3

.... .e.. .... .,. . ... .......'.4 .325 -,.q; -.52 tu*q *I -,
7
n i i.15I-.,7 -.-1. -- .935 - .'7

-a wo ,'v -. esg .. ,. . . .- a''tv e/ e'.e 5.94 -. O77 -.ei n. i.e. .,CM -.214225 . 99 .547 .5I~7 .5, i~le 7i~ -. et. . ., i.e's -. s'g -. 22 'l -03 .7'a1 .47I .11 -. 59 '1 .57 .. -. 57? 75.-.ei~4 -. iii -. i.* .l, -.5,* -.ie
•.e 2.5, -. 25? -. 574 7'.* 25. -. i~e -.255 75.5 I.590 -.giI -. 227 tN.e 5.571 .. it4 .li

StS.qs -,; - .545 27.5 2.5! -. 54 -. '2' I7. S 2.57 -. l5l -. ,i 5 7'.l S.l75 -. C -. 255

29-"5 lIq -I tle i| ..~ .q 2.52' e.9-l' 57' ll el5 i.577 -.25' -.245g.; :j~:el:? *-...........;' t75 7? .i77 -. 27-.I7 . I.~ -.O5' - - -

7'.' IsA . -7 .*.1' 11 . i2, z .. 259 77.7 2.07' *II 7 .i . ..-. in -. I2l

?lI~~~ to, -I] ,l

l. $.' -. o is 1,::1,. -.

7'.. .t. .79 .Iq --
4  

ite .e I -,Leg -.255 'i.e Ie.? .2'S -.l7 -. 2 |1 =31 -. iTs
72.7 2.22' -. 274 -. Iel N1.' 2.0. -. 2 32 -,trq '9.7 2'104 -. 222 -,iii icll 1.5.9 -.21 *,i7S

I I, -. 2 ,it po ,.545 -- iS) -. ite ?.1 ials' -. ? -='I "s, illi -. 2l9 .542

.qI il. -Il -1t ?. ~ lI -Il -lq . . .iAq -.*i .e is', -. 2'' -. eee
79.5 2.2772{ -. 757.1 .,. 7i .4 .. 27 -.21% 49.4 5.599 -l~ -. 1's 5' *,.y ,.s' -. li -. 1.

*2.l 49. . . .. 5 ,l I, i.51 -. 27l. .i ]. ,~ -.259 4.--,Ii?. . . .*5.i ,.gcs -. l77 .seb
i7.$ 2.27i ,~ "*.-.e

I  

s. 2.67' -. 245 .25% 7q.* '.0.2 -. 299 -. 5 ,''*r i*.' -,243 .eis
22.722251 .,1.9 -. 272 *7.i i.54. -. 111 -- 257 75.9 2.252-.129 -. 1% jq~g 1, -. 2%q l.57

2.275~ "lq '7 . .1
i  

7, 2ol's -. I'i-.5.s75-'. C'.Ii -= -age? 'q. . .i . .li .. 5'.
2e. . .. 5i *1 , 7.li .7 -. 11'. .. .. . . .5 ,~ *,1i' ie'.i 2.59 -.2 2 .ll..
7'..~i? . -11 b. 2.5'? -. 277 -.S*5 94.5 tieS{ -.29w .1 qq., {.~ . .

2ql .iiq -.Iq -,5 .9.5 i..
7

' -2.0-99 q.& I~q -. 295 -*I~9 17.4 5.54 -. 2 .ie.
:14It? '~ :f11 * :: 2i ' "T 'l ':7it 22'' 2:2:2 ::11 "'q 2i75~ 1.192 -. 1 .224

s7IIIq ,l -. 57 47. 2.5i. -,i71... q.q I.Cq* -. 1 -. 011 i49 .7 e.07 -.5qi .257

inq.. lq .i -.. t, 2.1.4 -. 1.s -.*l. it'.' i*111 -.222 lils I~~ i.e.. -,ee .271
2i7.i 23tq "'5 "' 202.5 2.5.2 "'1 t 2.LL '. 1.552 ".lS7 .24 t ee. .gls -. lit ... q27,11. 1 -,4 etC~ ie..i 1. 55 -.Iii -CIC i94.5 iiie -.07i .27 I~ Io ie.' eat q ,it&

2'*.5 is?4 -. 'cq .Ill i&e.e i.e -.25t .5..1 i'*.5 i.51i -- Se' isli t5',* 2.553 -See .295
5'.5 i-ite -,iii .593 i57.7 1.5o4 -. 223 -. 25 27. l I.555~q-554 .256 li, i.l -.I*i .i

''. 2 .246 -,.i .255 isloS i~. .- e -. it liY.. io5i7 -,1e .2'4 | . i.5qS .593 i5A
tq i tse -. S'1 .25 i5 4 t.1, 2.5S7 -.565 =.27e2 qs.S 2.5'' -. 55 .277 es.5 i.e.. .s

9  
.IS;

iii.1 2.19 -.,*l .11 I uq~ ,~ -. es. .2'' e..l il. -. ei tSt iq. i.e. .27' .0'!
i'4.7 ilg -. 7'. -It il7.i 2.559 ,l2' .259 729.7 i.e's -.iii ,l- iq. isi .2., efil

I q .2I4 ,ee-. 2.5'* .e'e .e,5 enie i.e's .i37Iq I IIe °e .111 e e,
I  

i.eOs
I  

.e'7 .Ie.255. 2 ..i1 -,1sat . i.. 1,1'i -o51 .115 757-s 2.57' -,i1i .11' t~, 2.357 ,it -'lie
isisl 2.25 soiC .224 isq,. i.e's *,i76 ,279 e'q. Iol'S -.iA .7l5 tl. s.ess ,i*. -.55
2~.. .isi -.es7 .225 ehq.* ie.. -. 25' .225 este 2.557 .25 .0eV e'l. |,iqe .i-l -. i.{q i ihi. -ol75 ,le& *q .. 2..4. -'e .22' 7q2,e 2~.' .279 .149 es.i [.555 .293 -,5l
7i.4

'  

2-2i7 -is .257 727.s 2.7.3 -u .254 747.i i.51 ,I3 . 1 | e!.
I  

s.e. .i57 -. m.
7Wl.7 I.is9 -,12 .5il piie I.0,2 -oit .s7. 75'.' ie.. .2.2 ,129 'ee

I  
,.e.. .2.. -. 1s

757.5 2,2'' -. 25' .572 IP., i*e's -. el .5.. e'..e i.e.. is' -. s ,Iq q.. i.e.. .2.2 -. 2

75*4 2i~lI -. 725 .5I7 7ss.i I.51% eIlt ,557e54.S 2.527 .15|6 . 552 So 1,Ie. .270 -. i~
73i.i 1,. -cee Seeq 1io. 2,5'l o172 sit ne,# h.e5* .274 o.|4t in ,s 1.69 .922 -.247

757.9 I i97 ,Ici .525 745,9 i.e's .7e1 -ace q~ 1.1e5 .i55 .. Sqs Ii'. t.sin ,14 -.it9
770.5 2.It .eeq -- Se' 77l.9 ie's .7es .e1s ee'.s io.e olii -eec an,. i.e.. .i'e -.274
777,5 i.2i7 .7Cs -.92' Pci. 1.ei7 .124 .. b 'i'.S 2.Sii .279 .iei iii.. ,1' .11# -,275
720.2 2.275 . 572,1 797.5 2.542 ol7. . . .Ii'q.9 2.525 .225-.74 t5'.' I.919 .5' -.274
725- I~q o .722 I 557 . 1.1si-S -2.2- 2554 5iq,' i.074 ,II -.. l ]i.o sit .e'i -. 2.

2 ~ .249 .29* ,5i7 157 i..q .277 -.20 5?,.7 iei .i7 -. tet 'N.o? 2.54e esi1 -.2*9
773,2 iiiL .29e -. 071 ei1o' 1,1 .245 -. ,,e sn-sI 1.557 .847 -.229 'u.s 5.5'7 .517 -,2 7
707.7 2-279 .252 -. 54l en.q . 2.5$ .273 -.2 377.2 2.S9 .252 -,Ir 559.2 i.e5i .sse -.2's0.7, 2.1•. ,272 -. 05 57is i.e's .22c -.. e 5'Il.e0i.5i ~ . 2 ,l el.. 5.eql .652 -. 2SO201.2 2.15e oi' -. 077 eei.s hl04 .27ll .. t esql.e 1o111 .2', -. 45 I1. i.sWI .I -. ITI
732,7 lies .2.1 . .550. I i .SiI .227 -. i..eI 11.7 l.75 .2, -i,' $$i.e e.g., .I.' -. I45
ci' 2.2's .2,9 =.577 )57*9 I.I * -. i 5 57I.7 i.eee .I$7 -. 2t j$9.e seepl .es. -.229

222l.2 2.241 .27e -,1 9t4.1 Iolq' .i5 -.297 '"1.2 2.072 .e~ -. 111 e 1.s i.e.. .111 -. 119
72'.52.27i .255 -. 6S4 I?. 2.15. .022 -. l7S 55,.e i.52i .6c5 -.2l4 es.. e.ess .034 .234'I.5 ti'. .Is' -. IeS s .I 2.0'' ole .774 5t27 i.e's .S11 -.2940l.5 .7 27 .5 l. .' s -.Ies 247.7 5.579 .8I' -. 29I5I oii -. I

2.2' 22 ".ess I.,.s oisI seeI "'I I s.? 2.4 05 .I7I Ill II .I .
2I. .2 e, .l25 -. 5s5 11.1 2.e22t .027 .ie''s'l.7 2.642 .557 -. 247 q~ IIi II .

• i. .7 22-5 7~ .2 .307 IIiC.'o.ii.05i .74--.5.
279.5 7.225 .222 -.575 5'7.0 2.324 -- en .. 049 5477i 2.59i .07? .219
252

- I  

2.2'4 .7'S -,197 777.2 e.eie -- it' .,97 57I.4 1.57' -.02 -. 222 qlt III II ,)
eii. tess11 .272 -. 075 lns~s 2.52t -- e' -07 7 .l2l l .53.- sC -.222
724.5 2.57' .2? -.2 I .C' 9.7 t5S' -. 07i-.57s 747.5 e.05 .475 -.202
7''.S 2.527 .627 -. 579 79.5 1.05' .Ie7I .374 lqp o~ I] .i

uSIs lts.77 .a

I5. s -.57

i".0 iSt 1 -. 122- ,-4

'24I.3 1,1iS .115 -, q ,I IIS .ll .20l f IIS 1 ,1

757 .5 2-Os' .579 -. 022 , ,l .11 .Ii I t 1,| ,1 o1
75e.5 I.993 .s'e .727 qqq i I

e  

*Il -I~ qq III .~ .

lq,,, il~l ..-.- -S



o CN CID ( D C t- 00 to0
o L0 0 0 O0 0m O 010 C'Ciit)

I I 0 07 0N W mI 0 00

-4 r- -o -0 -a) 00 M U

cr 0 0 CD 0l - - (O 0

4 -D ui . 0 0 0) 0o CI D 0 C 0

0') 0! 0 0 0 -

P--- I L) I ina g

n. M. t ) - M 0 OD 0 LL
: 00, 0 c-

*r 9' -LA, -:1

0 LA - 0 C

C))
a C) 0 CNC1 ) -- -o 0 C

. C C)C C!
LO (N C' -r 4' .1

00, C- I - - Cl

I-0I CiCJ

LLJ 0 - N C0 -) NO NO Z z

CA t- r- C'' 0 f 0 r- 0 L A 4
it .7 * 0 (c'.i ( 00 0t340

a r- -- a) C' co4

-'.2 (.2t (
01 T- zr -0z.:7

0l 7' N) >D0 0 ~ - O.J.' ~ LJ.

C, 0

>' LA 0 0 C l 00 L

0n 0- 0, Z n I 0 0 3

C: LA, -C' 00 00 0 0

E-4 -0 - -r > > lO -C
Cl~C 04w4W t,

F-4~~ ~ ~ ~ ~ ~ Di 0C ODL F , i N
.- ~ ~ 7 0n 0 n N N U 'O 0Z Z C'

N- 0 0 0 0 w w LJ 4 4 4

0 - -. . . C.L .C

CE- - 4 CV' ACCl ~ 7

C' r) 0

C'~~~~ cc0 0 ' C C 0

C) C r I I CC o. 'L

45

_40



LD n - NO O'D CID (1.-. 'Ia (nr- 4

(n co 0L. 0. -w C) C. (0F.
-~~r .- 0 4 rl0 0 .t L .'- 00' 0r

03 00 (N ON) Ln1 M, ~ t O

i>~ toL) 0 (N

a.11 0 0 .: .- - .0

Zo 0 0 '

o0 X0DI c

r4 00 0r '1 or- oo 4 - 0. O0 01 3
w L.L .0 IN *.,.

>4 > CV

* IL ) - IC- . -i

Q I-C-

(.r 04 OD q 1f"c ) ,

0L .-. (n Nc C, Lb r) UL UL.- C
O0 w Q7 -I-L. 0- F' 0 I 0' a L 0 0L

9- 10 2 ')jF .- TC. C,

.(4 U) L 0 M0 1) * -

4- to r- 0) 1
w- 40 0 -

u .7C (a Z~ 0L z- 4I 044 e - C-
Z) 734 2 LI x I7 -) D- 4 N

J(~ .4 0 0 (NO .- .- 0 00 L000 0

OL, .0 .0 .a 0 '( aN .1 CI Cn0 o

-4 4 T

P~~~ ~~ Oc '.j ai Lb air ('IL IL X- a L LL L ( L L ~ ' ~ - Il

C-9 b b 0

'--'~ 2 4 Lb N 0 . ~ 4 L. (..46



C3,
-~~~ L' . C) O)-W ~ - i C)

- C' (~. . C. - .

-C' ~~~ ~ , In- (D : C. .- 0f 0 C

H ~ ~ J)2 .22 20 .- cC 0~ In0~ C

- 6 N' N2 N 24 CJ 0l Nl or- o-
0 *c f-- o( Nc- *r. C

a 2 0 ) - C 0 0 C) 0-C(N C

(N T, (N.

(N( a) 000 ~ C- C) 0
H~~ ~ N> or o>o 02 N 0

0C -c4 -(N -(N (, .(n -N -(C

o wC 04 N N- c

.21c -n.

c-1~

-- ~I Q C N. (N 11 0 N

-c w ' - -- 'C ' 0 .-

Vr -I a -1 A --- U A - C1

E--4(N( (N -N (N ( (

4-.47



4

TOP . c MN - o. ID. 0 * - 0 v -D17V

m~ tp 00 0n 0 0 Or o m OUf( 0 N oll 0 m
rc- - 0(3 0 0 0 x 0- t(o 0t 0(w 0

X - ,. (N (N - (1. 1 ! (N ?- .
-D > U) 0- 00 In 0 0(3 a L - 0 CI 01 03m 0 11

I- Cr- 0( 00 N 0' 0T 0 0 C, 01 0 m

P. m~ C14o 1- 0 C4 OD0 OrN to- -Q N

- - 0. -. If (N (I. (- M C . C!
4 1 -N 0ID 01 0 O 014 Or 0(w 0r- 0 M

c. . r N O( 00 0 0 0-1 00 Or- 0 3
(N (N (N (N - C4

0
z. Zr 11 1; Z(7 r- 12 - 03 a m0 Lo a) 0 1) 0 m

LO- m w - 00C , 00 00 OrN 010n 00 0 (3
3(D - 0- 0-0O(N 01 O N 00 0 ON 00

fn0 0 V I

10 LC r) '( JO) L:) 10 INN (N4( m NO (O (11

0( 0 N .!0 0 0 0 10 0

0( u C% (. 0" r C. --1 20 0 0 CD U

(N ( (N r.

- fn -I- 'C" 'T' 01 01 0 ( Z N x
In 0. -- N - .Li . .- - - 001 .2-D C) 0 0 0; 0 -q 1

w-- 0 1- (3 -If) V) C4 .( v( .(N, n )0 1 a 1

T 207 C4C, ("
0. -

LD 0 0 -m - Ow 00 00 0 00 O 0O

CL C cr- 0( 0k90 0-3 011 00 1 0 (

00.0

0 C,~ 00 2 j 00 00 00 C 00J 0- 0
C 0 2. -0 0 2 - 0 C 0 3 0 0

- 0 0 0 0 0 0 0
2 0 1 0 (3 N 0 0 L0

0.) ~ ~ L 04 04 0 -. 2 4 4

C, 04 0. 0.) 0- 2 0. 04 0.

ArL1

482W C o.

2 2

C) D w Uj 7) _



co o-'* wo N "o c'wooo rr
c, oC c, 7o oN (D c, 'f co ow o

x. o) o- o oc oO oL c o'

r4~c C') C') q ' - C

n . - *N t . M

0 2r

L) - n C') 0 C-I 0. V.* 0 N
El a- cC 0C N o o Lrl o m- o o c'

0 0

>4 0- 2 .-. .

ZLU a co o- or-- 00 a - oo CL- ) O

IN ..

E-4 C 'I r- m) n ' 0r - .- u) 0)q o -o a N

C - (% 00 0D 0 o C' 00 -. N ''2 (n o' 0- o m
z, (D o cc) 0 cc) o '.o o o-
0 C - N C' .- -'.

0- 0

'N C- -. C)
-~(3 o' C)' 0-- CCC oC- ~ 2 .

-4 - C !' ' , '. .1' . - . .1.C(

4- Z 2

-a - '' 'C oC 'D' 00 W C or - O
.2 0 -1 or. LA) 0.n L 0 o ) e,

c'N '(. <N N I<a

cr < 1' <L -o: 1 '

''7 49



I'-

14~~ a) '4 44 0( -0 0. N 00 CN(m
0( C. C0 .- C- (N- 0 0L 0c

in m - or' t, ms T 2o P ~ oM

o ED. -, r

.. C,. 1. - Z* M. r, 0. a)
' a. 0 N~ N~ 0D ON r , - O f - 04. 00 0

'-5 z

-~~r -'( N. N (N CIA-

cc O N ON 0 vN rC m 0 Ln 0 0 (3( 0- 0

C)) 0: r* l
1

1h5 Cr 0 co 0 1H~~ r, .N O O C- 0N ON 0- 0

N- -(n -N

.r7. 0

-icJ

H5

-ow' ' ) 1-( 1I .1 1 *



oo r-0 cr E 0 1 oc oC - 0 0a fi ~ 0

S 0N ON\ 0- 0- CiI 00w 0 0 ~ 01

>0 .0 '0 .- '- I

< . u~') -o. c crd cx - ;' * -
-3 -o a 0N 0o 00 0 o 0 o 0) 01 0 0

o a N 0 t

o cc ) 0 Lo0 0- rN m- cr -7 (N
-~ ~ ~ c 0 - 7. ( (N (N - - (

4t o o 00 ) 00 01 0o 0o m C On 04 00

9 00 00 01 0q O_ 0 0 0

l1 
1

C) Z

m 0 . . N . . . .
,- E) n - ; o 0N 01 01' 0o" 0::i , (

.ol~ a - 00 0) 00 00 01 0a 00 0.) ONc

w w

4-1 ~ Lf 0 l C .. C C C
C.)

o ~ c o) Km
7  

c~i -_. C Cm IL
-4~ ~ C:~ cD j 0 .' .-

10 o -' D

mLt. z- 0 l q'( -O 00 00) Difi 0vr - m0 co 11 I

00 00 00 Lo 0N 00, 04N 0 00 0-

aa0

00 00 C

0 - - ( 0 o 0 0 0 0 1 C

1.) o

k0 w0
n - 7 0 01 0

*r '.4 In1 5 . l . U

C)a ) ad <0 0 a C ai L<' aC u'c-

14 3 a 4 a I <4 114 3l a4 -I3a4 1

51



7

TABLE A-7

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATVELA,
MODEL 5365, EXPERIMENT 9

INPUT DAIA

RADIUS .456 RAODUS * .781
AN:lE V V vT V VR/V ANGLE V V VT/V VRV

-1.0 1.014 .023 -. 010 2.9 1,015 -. 025 -. 092
17.6 1.003 -. 098 -. 076 48.7 1.052 -. 137 -. 104

49,2 1.122 -. 156 -. 084 89.t 1.063 -,!90 .007

63C 1.121 -. 217 -. 053 94.6 1 .070 -. 188 .023

63.6 1.124 -216 -.056 133.2 1.058 -,136 .127

9 1. 1.137 -. 241 -. 007 10 1,054 -. 117 .142

10) 0 1.132 -. 228 .031 179 .0 1 .075 .002 .62

135.0 1.129 -.170 .076 179.0 1.076 .002 .182

155 1 .136 - ,097 099 225.5 1.075 .134 .135

174. 7 1.131 -.003 Ilt 271 .4 1.092 .191 .013

193.0 t .3 .05 .108 316.0 1,072 .128 -. 116

22-1,2 f,138 .393 081 349.3 1.024 .025 -- 127

2.10.0 1 5 ,1(, .095 351.3 1.020 .016 -.121

269.6 1.137 .225 .002 355.6 t.027 -. 01l -. 111
269,7 1.145 .224 -. 002 362.9 1.015 -. 026 -.092
286.1 t.143 .215 -. 034

:15.0 1,131 .148 -. 081
3 I.10 .121 .116 -. 093 RADiUS a .963
359.0 1.014 .023 -. 010 ANGLE 4XV VT/V VR/V

361.0 ,014 .023 -.010 -. 5 1.011 .036 -. 135
-1.0 1.009 .036 -. 137

RADIUS - .633 45.5 1.050 -. 120 -. 145

ANGLE V'A J VTV VR,,V 91.2 1.071 -. 17? -. 014

-. 3 1.0t3 -. 035 -. 070 130.1 1.056 -. 124 .115
a5.0 t,048 -.133 -. 111 180.9 1,066 .009 .169
91.7 1.091 -. 169 -. 007 225.1 1.066 .33 .119
13"7,0 1,093 -. 122 .102 271.0 1.074 .193 -. 01
F i7.0 1,0,6 -. 121 .101 316.0 1.063 .135 -. 146
I 134 1.049 .032 .136 359.0 1.009 .036 -. 137
229.5 1.0.17 ,168 .080 359.5 1.011 .036 -,135

2, ,5 . I . -. 032 360.5 t.018 .036 -. 135

3'',7 1.094q .152 -,.I29A
330.8 1,094 .117 -. 155

340.0 1.0,17 .035 -. 126
3. .0 1.0i6 .005 -. 101
35t.0 1.014 -. 035 -. 074
3513.7 1.0 3 -,035 -. 070
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APPENDIX B

VELOCITY COMPONENT RATIOS AND) HARMONIC ANALYSIS

FOR EXPERIMENT 10
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TABLE B-i

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,

MODEL 5365, EXPERIMENT 10

I, , . .022 -. 002 . . . . .,ll . 022 -,.3 .2, 2,.22 3.20 -,2 b - . 22 -. 006 -,l

.. . , .063 -.01o 23 .70 . ' 00 .. l ~ 21. 02 .2.0 -.06 .~

% ; lt -. 020 IJ %l0 l,6 -.o32 0,.0 2..2' -.222 -.032 '.0 .2- .,.2, 23.32 -.022 23

-ON :! . -. 023 2.0 3,.06 .202 -. 20, 22?.3 i, i .202 -2l l' .I ,0-. -323
-l" L I .632 -. ooo ~ l 1, .'-.-2. 07 -00 01 -022 23.,3 .42" -. 022 -1

.022; i ,q .032 2o .3 .2 0 . 0 -. 222 i~
i 

I,1 22.3 23 204 .. ,.222 I' -.00k 0

-. o2 -,I22 22.0 -. 23 -- 022 -. 222 22.~
b  

2 ' 2 .A .04 3

32- '- 232 .22 2.0 .22 .3 2 -22 '2 2 62238

, -J . ..-. 22 -22 220 2 1 2 22 20 2.l2m323 2 2 2 .
.222 -. 06 22 32. .222 -.22 ~ .00 -.22 22
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TABLE C-i

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,
MODEL 5365, EXPERIMENT 11

OSiu5 . .4 c * .. 33 gjg~qtg * ,Ti3 iOitI • .9
-.I29 -. I3 -ll -. 6 .69 -. *, -.0 0.0 .93 .63 -. 123 -5.I .l47 -. I7.0 .32% -. 03e -. 67 .9 .95 .603 -. 90 6.0t .932 -. 60 ".134 2*- .086 -.-.3 -.7-5 *945 -. t7* .,i1 5.4 6.0 -. 0n .. 694 1 1. .913 -. 60 -. 133 .3 .Me -. 64s -. 19656.0 .4373 -. 003 -.6T 4.9 .987 -.007ll -. 10 t136 .94l -, -.aM *53 64 .a12l -. 605l .,141

50.6 .w13 -. 11. -. II1 n.9 .953 -. gvc -. sos 11.6 .996 -. A -.. n 10.- -. 1113.4 .i9S -. 071 -. 664 16.1 .939 -. 676 -. 6 10.6 .90 i -. 1 -. 1 90 -. 10lt:6 ,:I' :,573 -:I9I lHA :91 -, 66*~ -. il9 17.3 .903 .,61 -,I *3 I.5 .927 .05I -. ll

274l .709 -. 657 -. 163 06.9 .5*5 -. i3 -. 1? 51.0 .975 -. 639 .159 204 a's -. I -. on
£9.3 . 07 -.137 -.110 26.0 .603 -. 8I .119t 52.9 .697 -.637 -.150 20.0 .659 -.3 -t4+
II. si( -. ot4 -. 116 22.6 .6*5 -,113 -.13t 20.6 .693 -. 1*7 -. ,941 26.2 .4 .01l4 -l172.2 .477 -.173 -.121 20.0 .9*4 -. I*5 -.149 27.6 .406 -.103 -. 12 *6.3 .911 ".11 -I23.7 .167 -.1*2 -. 055 *0.4 .946 -.163 -.249 28.6 .975 -.263 -.141 36.0 .994 -. 0l .lso.I .*w5 -.nn. -.5n2 20.9 .941 -.215 -. 3i40 29.6 .477 ".161 -. 100 36.0 .94 -. 1I "Il29.6 . '0q -.017 -.116 36.7 .042 -. 103 - .143 32.6 .973 -.113 -.193 32o4 .408 -.6I -.59.6 .91 -. 16 -. 26 32.0 .93I -. 260 -.146 II .$O -. 113 -. 1' 39.6 gl -. 11I30.3 .977 -. 122 ".156 32.0 .444 -. 1I6 -.136 34.1 .975 -.119 -.111 96.6 .501 -. 1l .33.2 .449 -.326 -.167 31.5 .901 -. 114 -.139 41.1 .906 -.124 -.118 05.6 .905 -. 1I .l39.5 .90± -. 117 -.112 46.9 .939 -.120 -. 5,9 09.3 .904 -. 14* ".I33 09.6 .907 -. 166 .691I*. .404 -. 576 -. 666 96.9 .543 -.110 -. 09 01.6 .407 ".10 -. 640 TI. .94 *.10T *l"aq . .509 -. 350 -. 671 06.5 .946 -. I04 -.009 04.0 .400 -. 173 -. 074 09.0 .90* *171 ".63709.6 .577 -. 562 ".642 70.4 .910 ".57 -. 600 61.0 .409 -.161 -. 602 49.0 .903 -. 1i .l9.6 .575 -. 264 ".69 75.6 .955 -.166 ".42 65.7 .996 -.130 -.014 169.3 .018 ".157 .617
09.6 .473 ".206 .667 19.a .99* -.211 -. 19 99l.5 .972 ".27 .069 109.2 .970 -.202 .64*-
99q.4 .57. -.265 .025 95q.0 .551 ".575 .661 565.6 .9770 ".10 .639 559.2 .990 -.224 .607164.9 o.w61 -. 551 .635 165.0 ,I13 -.204 .6*4 119.0 .400 -. 152 .659 239.0 .990 -. 262 .067119.0 .51* -. 371 .050 219.6 .933 -.148 .547 555.8 .958 -.13* .001 146.0 .451 -.994 .164529.0 .553 -.549 .623 159.3 .924 -.558 .047 539.7 .447 -. 285 .160 190.6 .945 -. 648 .110139.6 .944 -.516 .804 219.2 .s13 -. 161 .663 105.0 .447 -.677 .119 600.9 .913 -.614 .30

048.a .1 - .-.21 .. .697 119.4 .422 -. 67 .119 179.6 .916 .610 .511ssI.I .544 -. 814 .06q 298.6 .613 -. 638 .109 514.0 .91 -. 6.6 :12. 166.6 .501 .047 .250sIan~ .510. 668 .804 506.6 .63 -.6. .let 178.1 .41r -. I .0)2 196.6 .942 . a. .112566.1 .51w .6*3 .118 165.1 .561 .63~ .568 278.5 .949 -.811 .136 511.3 .94* .251 .091196.4 .47 .6*7 .116 267.2 .500 .661 .183 266.7 .552 . 621 .531 216.6 .995 .53I .679540.5 .907 .607 .185 202.2 .794 .189 .696 206.3 .55' .622 .l 533.3 .90* .204 .840266.0 .903 .562 .016 269.3 .555 .13l .679 Sqa .6 .54 .659 .I2 539.6 .461 - 170 -. 857220.a .953 .539 .660 2*0Y.6 .561 .206 .345 266.6 .947 .650 .009 253.2 .975 .15 -.669256.5 .1.4 .570 .67 277.4 .929 .590 .635 216.0 .454 .219 .162 299.6 .902 .07 -. 633
236.5 .905 .393 .64* 242.4 .9*5 .567 -. 662 *56.5 . *3 .145 .665 209.4 .4051 -20 -.809296 .2 .0 .2691 .630 204.7 .969 .51o .004 236.6 .594 .278 .602 279.3 .970 *.0 .697
256.3 .510 .*65 .356 lls.l .943 .210+ -.Iso ssl.3 .50' .sn .i 269.6" .599i .274 -.129*96q.3 .444 .55+ ".656 239.0 .999 .205l -. 677 246.3 .574 .14 -. 667 249.9 .540 .213 -.147755.6 .379 .5*1 -.808 282.6 .533 .515 -.563 259.9 .562 -040 -.654 209.0 .904 .121 -.220509.6 .905 .220 -.033 265.6 .534 .592 -.123 509.5 .973 .395 -.Ils 319.0 .909 .693 -. 395275.0 .907 .253 -. 653 *69.6 .537 .59l .527l 279.0 .975 .250 _.600 021.9 q l .91 8 -. 17255.4 ,951 .550 -. 670 362.0 .997 .111 -.500 269.0 .562 .175 -.51* 323.7 .924 .004 -. 299259.2 .947 .377 - .657 309.9 .439l .008 - .ii5i 259.3 .973 .193 -.237 0*9.7 .970 .0l +.262351.9 "957 "34* .550+ 309.6 .e$4 .06l -. 509 369.5 .972 .521 -.119 327.7 .055 .6*4 -.067
315.5 .954 .029 --.1 3*0.5 ,555 .643 -. 570 309.5 .960 .650 -. 574 327.6 .567 .510 -. 266359.2 .544 .130 -. 550 327.9 .537 .262 -.366 325.6 .997 .614 -. 577 3*9.0 .960 .83I .160305.2 .559 .134 -. 154 359.9 .911 .357 ".501 325.6 .963 .653 -. 360 059.7 .692 .633 ".161
327.6 .917P .i4I - .534 373.9 .552 .69*

I  

-.553 358.0 .043 .265 - sal 039.9 .401 .099 -. 165329.1 .q+ .305 -.537 331+.2 .395 .699 -. 052 326.9 .06II .2l4 -. 264. 319.9 .909 .603 -.549396.9 .51w .55 -. 537 335.5 .603 .8*5 ".I 336.9 .990 .632 -.07* 099.6 .647 .680 -. 129337.5 .353 .530I -.313 030.6 .662 .656 -. 536 332.9 .503 .023 -. i74 302.2 .690 -. 654 -. 03335ll.0 .355 .550+ -. 691 306.6
I  

.644 .655 -. 537 371+.9 .400 .8 o.579
336.6 .704 .617 -.056 344.6 .67i -.600 -.550 316.0 .531 .620 -.207333.9 .7*2 .607 -.652 307.6 .074 -. I63 ".064 346.6 .937 .675 -.504
715I.6 .742' .634 -.o3 392.3 .77 -il .619+ -. 699 210.9 o94 -. 660 -.531
15.5 .743 .63* -.834 355.6 .ll5 -.651 -.855 306.6 .559 -.640 -. 3*$
500.6 .640+ .627 -.530 306.9 .430 -.600 -.694
747 .6 .252 .624 -. 633

356.6 .+25 .652 -.646i
395+.6 .9279 -. 660 -.640
396I~.6 .+76 -.610 -. 604
349.5 -IgI +.63 - .806

3035 .775 -. 63 - .877

I

26.

'I

. O

.I
138 .1

41 84 0. 11 1 .4



-0 0l t- 0 0 4N (D cDo r- 0
o 0 -q 0 %r If) It) I n N (n~

or~~~~~ 9g N g !0.r- 1

t- I un

on 0 ' 7 M( 71 0 f 0 r
9. 0 0n 0 0 1 0 on

CA . '7 - 7 -I a

- - 0 0 C4 t, (D co '7r ) 00
-9 0 to 0 C4 '7 It t- 01 0 C4 LS
o0 0 0 0 01 0l

0 * t 0 1-( CI.

E-4~~ ~ ~ ~ C) ifII(N3 o 1 0 .

0 -T 0 -C4 t v 7 'l70 0

C) 0 (N1., 00 C; - K
Ff0 Nr 04 D .1 0 C)0.

C) 1) ) 0 iii - 3l onO It, C
C.. 4

I ~~ CWWIM1- O

E-4i E-4 C.i 0J 0 1 C

EI 44Wr '

(N0 N 0 c 0 (N (N 0 0~ I- - 00;
.4 v (31 C, 0 -'7 ) 0 u~i(Nt aZ. - , 0

Cl H, n 0 z) .1 all4J

HCILIC, Nl IA xO J 1-

Li w U)

0) Ci uD ( D C 0 ) Z W (
C)CD .1) 0 n (N t- C) a - )4 C.~7 -I--I.
N0 a ) 0 04 a,. JUJ C, . C W.< < -N

rC) LJL9M* n )

rD 0-40 0 0 0. . . . . W. w '1

(N) It) L) (N If 0< 0 N II- ~ )J
(N (N47 0 0N '7 0 to 0 (flyt ZZ w 0>0W1 d

w ;; 0 ; -T 0 0 go > i . 0 " r
> E- 0N WUL.J0 w .xJT O

-a a) a 01 Nn 0 LAO LA
to 7 0 V(7 0 C : C' c)1 Z-

> (N 0 -x<w .

5H -o )

CO Cl (0 Ci' CID -0 0 Crc uij l 1

0C- a) Di CD .n *sLA 4 It.. Itt C 0 D . L.1

cr >4 > > z 0 z Dg

a 854 w(E- IL L



~ 00 C;- 0 0--O

C-0 Oin of- o' ,

-I4 CC.

WT m~ UO ~ N al 0 C-4'I

co C4 r WI' w . 0-
xCZ )* -4 an 4 ~ 00 C3 0a

tn #-:~ - 0in 0or- O3r- Lor- 001

4 0 * 1 C,4

In t-0 i 00D(D a
V) 0 ;C

x0: 0 0 - O x l I 4 v
1-al IOW in o 0 )0

3t - i o 0 z -Si!Ma

Q~O 0( 0)1 t)) Z1-- 4f 0 0 )1

lJ)D L In - t 00 rOin) 0 a 01 di)

iLa 04C CU

-j

C)1 01 0)IV))
C? 0 1 ( C3 T

C 0 (j 0- o- ;~ -'f (*- -- *I i o

IN SX-; C4r -I)

>'L cc cI 1 0 -.

-. , IiD a1

m N rC C)Z .- i) IC) T C) OC4 C4 0)
0 . 0-4 06- OC C4 - - I

CC) -cn - 0 0a

CZ rLo

01 0 f ) 00 ~ ) o) 0

u 010 n1 00) OD M- --in

a) 0
in m 0JDoU
>- a

00 0(D4iC

;14 C, C486

0 -S



3: Co. in. TN -* T* 1 * r: .
mr' C nN 0-~ 00 O'0 T7 0- 0- 0 0

F)t 0I I 0.1 0() 00 q( u' Or) 0C1. V - C
-(N C14 *C *N N

E- x
44 U.1

I-n

0. tN W* I'-. a- c0 a 0 0
cc- t. ( Clf C>~ (N; .- 0 00 Or' Ohn

U

o0 I - C.C 1-O mN 0(f 0 r- (NC IT .

0n or i 0f 00 0w C3 00 1:,

0)- Co. In C- - ': rqw
-0 1 00 '0 (NO r - 00 '0 00 c

u 00i 0
0. 0f Ul 00 1 )) C1) ,0) ~ t

0_ W 1.- ) . C-- Cl;k- u ( -n a)t- oo -o 0) 01 0) -'

-l >- 01- 0( D O' 00 0- 01- 0 0 c7 O
U -JC4d .( (N NC ( ( (

t- ;i m. 0 0
N i N 1d r ( I

Ut

z

Z I4 n n N t TI or lt

W L'J z Ln -87

7I 0 -D I N- (' L . cj(



Vc

ku It

mN t- Nifl 00 (0n .! Nn I- 'n
if,* . * N*I0 l - .- (n I -

in 00 00 00 00 0 0 0 . 01( ONCt
4l tn 04 01 0 0 C) 0 N 01

U ~ 1 .. .- ..- C0 Lr4*( ( .

4n 0 In 04 ON 11 0 0 0 0 0 ON 01

C- - l m 7 C

z co ON -0 to aom 00 m10 -a (1
nl 0 1. c) D - 1 1 .0
-O ." ( 0 04 090 t C,; .40 .)
'n 0j - . - N * - N 11Q, -i 0 1:

-,4

u4 ) 4 0J ' AC
Ud 0 w1 01( 1D 00-.-1 00 0 C, 0 (I.

-Z EN N *N N

w) w~. 43 00 Mo .C (' ) : 004 01 C: o

- 00 Ol) 04 ON 00 oN 0.4 04 01

Q 0 0 *

Ln- 0 (D1 004 0- of- 0) 01 ('1 C)7 0-
(~ J - O 0 a,1 0- 0o 0 0) 00 0 0
OWC *. *4

:3 L) 'li :N O1 --) _N 40 011 41,

1-. 0 1 00n 04 ON ON 0V 0 N O 0

!J~( -J J N *. . .N
0r 'T4 L.1 c

ilZ II4 r<CL( I c l O 1L

418



II
H-4 WII

In 0) 0? In- 04~ 0In C. 00 0I, (0

En' I.- -71r > I*0ID 0 - 0I

1- (0 O0 0( 00 0(C4 0 0( l '
4-I 00 0-00 4l 00, 0 ) 904) 0.3

03
,') INnEr O) ~ -A (0 0 o

ZA -N (0. (N 1(0 IN 0 (D In

Eo 0 - (4 L) - o~ 0,3l ) 00) a m (1 0 0( 0- 0410

z Q 00

41 < 00 0r. o. 0- - N o) o 0 0

z0 0 0 0 0 0 - o - - 0 . 0 0 (04

0r 0 ( -1.j . ( *

C -: C4

In ( 4" D 3) rv - C 04 C
0.4n C 0: 07 aE Qn a 0 0 cc 0.)00 C 0ID

(O 00 07 OlE3 0- a 0( 0- 03 00

0 0.~

Z i 0 L
I- 0

kD 'T 4 (N. o 0. -. 'Nd 0 03 0 0-

oo HD c 0 N C) -C -N c 0 0 1- 0 )- 0- 0N
>7 oq 0 omd 00),

S 0 0 -

>- U) 1-'T C. (n 0.- 1 0

I- > 1- 00 1 tn-f - 0) OLD 00) 04 03)
.4 c~ .-- .- o C'404 01 0

z ui z

z u .- o1 C', M0 C)t71
IH 0" I 0 C) 0)1- 0

000 -')Q (4 (4(1 C(404C
z~ nz o.) Ini
*: a. 0- 04 0 'i 0 4 0

In 0.4 a- w~ 0n. to 'I. In. 00. 00
>- 4(n T 4(I 0 ~ It 4C t4 1

>4 89) 3 0 C
$4 I4(11 0, t I D0 , ai

N OD ca



E-49

0

M OY 00 00 0 (71 0Z

.- n 0 .0 I- r- C N n C

II

0~~ .C-* Int 0-- c0*(

t- L13 . 0 . - (

al 0fn0 0 0D 0a 0) 0 CN 01'm
0- C .- .( C') 0 0 0T 0N

0 ' 0 0 C. I

J - 0 f - . - aI

ID 0'
4 C) 0 In

-f-n 0 0 V Co. t- -C- -

*C' 0' C4

- t)

Cr7L - N C3 Ln .- LO (7) ON r4N r!1 t- CI
w 4 0 -0 -M1 - . C cc 0

0-- 4 0. - 0- C30 C= 0M 00 C,' Orc= -L
Po F4 - . L. 0J *. 1 0 0- -0 r, 0 -. 0 C

u 0.0, N * . 1. (. 0

LA 0n (NO 0 00 c-0 Or,- N (3)1
- % ; C,4 InO aNl (Nr 0 -0 -) 0 -0

4: 4 -I C.4im C c 4m

C4C-

-i r.I I N il I It1 0 1 . 011 11 01 1 oIt Ii 0 1 1 1
0 0 0 0 0 0-.

LA w f-. . It co 14 -u (n . L!

-4< .~J1 .- < D -T 'nf .- :: -. L,-.4

4t Z a4 00. 004 0 C4 011 0.4 C r 04 0a.4
< 42 40Z; 4 I T T1~ z .4' - - iT < 1 40< 1

90



t- 1 0) f) o o - to. cD(
- 0 0 04( -

w 0.- 00 ON OOn co 0 CN in C) 1 13101

o). to -1( C1. . o. 1? 0?. 0J -
(11 .

0T x 4I! L - c l I t

O ~ ~ 1f O (D 0 U) 110 .~ NiJI

LO - .1 .- .l r- o -(

I1) L0 ON 1(0 W( (0 0.1 M N o~C

r. .. 0* ~ .C-. 1, -N IN I u

0l- C)1 o0 ON 0of~) 0) 0 f(

l. 0

.7. CD m71 C, o1 0 N C.)

2. In 0o m m o (n u)71 a) l )

(w) - -

.0<1.' ('01 1q ((N.0 1C- )

a 00 f- ON 3d) o( 0o N nZ m7 0

002000 0.- 0.4 c400
Cn

H 7C 1- 04 1 10 00 1- 1 (10 .~. ~ ) (7

(3.Q13

rl- 0ni - c

>) If L3 l N . . . 0 N N

0 r c (N a. 0 nn 0 .1 0) 0 x 00 ON

1) 4t - .1 a a0 -0 3 a4a i

1 41



I

APPENDIX D

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS
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TABLE D-1

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA)
MODEL 5365, EXPERIMENT 12

6673*5 *65 .66065$u • .636 7.76*5 .666 660635 • .663

•. .625 .666 -. 665 -qg .Pq -. -.sei 2+.6 .73 -.663 -.626 -6.6 .56w .636 -. 656.365 >665 -.613 . ,m66 .6 " -661 6I .l. -. '2l -- 667 . .6IE .666 -. 635
6.6 .ml6 -. l2 -. 7g 7.6 .All -.I6 -.666 '.6 .523 -.3 35 -. 126 6.6 .667 ".66 -.635

63. 633ll 6'8S 6658 :53$,5l ::iS4~ ::i$9 31.1 ,5eC - -.136 1.6 .66J -.666 -. 656

65.6 .663 6.6 -. 666 j*.O *6 -. X6 -. I 65.1 .56I -. 'e -. 636 6d.1 .366 -. 654 -. 5
6>2l .6I ".62 .665 26.1 .666 -.626 -6$25 Ifl3 .74 "60 -.636 66.5 .566 -.65' -.666
66.6 .677 -.q .633 62.6 .666 +.I6| -.643 65.6 .51 -.652 -. 61 26.4 .5I5 -. 663 -.653

66.6 .663 -. 666 -. 666 66.6 .661 .623 -. 653 66.2 .63 -.6% -. 635 26.5 .76 . . .623.6 .66. -. 626 -. 626 26.6 .663 ".3 -. 66 66.2 .m -. 655 -. 665 22.6 633 -.6i -. 16 .

25.6 .62* -.632 -.623 26.6 .553 -.665 -.657 26.6 .535 -.62J -.i37 26.6 .526 -.626l -.663
35.6 .577 -.661 -.665 66.6 .565 -.66' -.656 23.6 .y37 -.63m -.632 26.5 .543 -.36l -. 6%+63.6 .675 -.326 -.666 66.5 .556 "-66 -. 656 25.3 .565 -.663 -.656 36.6 .675 -.66 -q .65633.6 .676-.67 -. 666 36.3 .556 -.666 -.352 27.3 .676 -.666 -.37 66.5 .566 .667 .546ql .~ .L . 1.6 .666.36.lq .56 26.3 *05 -.663 -.675 36.6 .565o -. 6W -.6523.2 .673 -. 633 -. 665 6.6 .646 t.*5 -. 347 6.6 .563 -. 666>-376 6.6 .666 -. 6 -. 666
3.3 .676 --. 666 - .663 *6.6 -q+ 666 .6 -. 662 6.3 .576 .063 -. 376 6.6 .65m -. 666 -. 666

66.6 .56* -.667 -.666 66.3 .65l ".635 -. 635 67.2 .537 -.O3g -. 665 66.6 .563 -.636 -.671
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TABLE E -1

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA

WITH BASS DYNAM.OMETER BOAT, EXPERIMENT 13
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Figure F-i - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.456
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TABLE F-1

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA

WITH BASS DYNAMOMETER BOAT, EXPERIMENT 14

1.0 .4,.. -.030 -. 0?? 0.6 .00 .04 .66? -7.0 .02 -.02 -.Oi -0.0 .4e9 -.02 -. 06l

-i..! .00 -. 00? 0.4 .030 -.600 .000 0.6 .470 -. e27 .000 0.0 .403 -. i76 -.011

.1 .40. -. 670 -. 060 3.6 .040 -.004 .603 4 .09? -*I00 -. 002 0.6 .400 -.000 .604

0.6 . 3IC . 03 -.600 4.0 .o43 -. 004 .011 00.0 .09' -. 600 .111 04.6 .40? -. 000 .060

0.i 011 .14 06?I 0.0 .10 -.603 .000 09.6 .'7? -.06? .300 06.0 .400 .000 -. i60

• ,1 ?:-.Ooo-I -0"601 6.6 .. . 60611 .000 76.2 .l4 -.062 .004 #2.0 .409 .606 60?l

01-0 .'2." "604 -004 14.6 .0?? .600 .00? 20.0 .03? -.002 .06? 00.0 .t60 .0?? .006

tO.' .. 44 .10 .020 700i .040 -.Oi .007 03.0 .090 .063 .004 30.I .470 .0?) .000

10.0 -P# -.309 .Il 70.0 .040 .003 .000 09.0 .414 .60? .664 00.4 .42? .11? .069

l?.0 .411 .000 .0?? 36.6 .400 .077 .010 06.0 .t00 .000 .600 04.0 .40? .130 -.000

.. 0 . 000,Il -003 0?.0 .oO% .000 .000 00.0 .473 070t .100 40.0 .444 .070 .000
.6 .420.011 .012 00.3 .404 .111 .104 44.6 .470 .004 -.Il0 40.0 .470 .644 -. 610

.1 >0l '
I  

.62 -121 ol.0 ,04 .033 .009 44.0 .401 .604 -.000 40.3 .44? .000 *.l
' .00 .004 I.. .4J .e01 .177 07.2 .4I . .0 0 -. 670 I, .6 .400 .600 *.e9

4.1 ..4. 000 -.060 o?.4 .ofl .17 .00? 09.4 .44? .000 .600 00.4 .900 .09 -. 000
02.1 *.40 .07 .601 40.0 .410 .1W .000 30.6 .4?4 .603 -. 004 00.6 .099 .000 -. 000

04.0 .1. .. . 000 99.0 .%4 .602 .000 04.0 .470 .630 -.604 9o.9 .424 .044 -. 624

.0. '20 .101 -O1l 03.i .404 .i? I .111 03.9 .400 .000 .604 90.0 .4?0 .640 -.Ilg3
-toi +1 .044 -01'. 04.0 .0?3 .O044 -.003 40.? .400 .040 -.609 100.0 .464 .000 -. 074

00.2 .'00 *.1 I .111 '3. .04? .000 -. 060 96.0 .401 .034 -.070 069.0 .40? .000 -*.000

01.0 * . .04 . o00?4 .i .09 .044 -.00l 49.0 .470 .030 -.073 000.3 .403 .603 *.039

004.0 4+' .01 .004GI 6?.0 .094 .602 -.100 007.0 .400 .661 -. 63 0361.6 .400 .000 -.633

002.0 .20 +021 -- 0?? 90.0 .10? .1 -.000 309.0 .430 .014 -.000 031.6 .411 .00 -.634
100.4l ..f to .03 -.002 99.1 .404 .I41 -11 .004 070. .40? 074 - .03? 00?.? .410 .0?? -*63

i./i .
o  

.003 -. 00? 007.0 .41 -.100 -.070 070.3 .440 .040 -.000 04.0 .40? .00? -. 00
i?0.0 .44. .041 -.174 09.7 .414 .04? -. 033 030.6 .414 .79 -. 040 040.0 .000 .$A0 -.02I

0.2.0 -1.0.3ll -?' 000.0 .o90 .0I. -.074 000.6 ,472 .634 -.640 040.0 .404 .000 -. 009

00.0+ +.i" .000 -. 374 076.6 .090 .043 -*l?' 30.9 .4 .i071 -04' 09l4 .470 .03 -. 040
i . .400 ,.32 -. 101 i3.4 .004 .1ooo-.34 040.? .443 .0?? -. 040 000.0 .47o .670 -.000l

040.0 . .394 -. 00 ool.o .3? .16 -10 003.0 .:4. . 1. 023.0 .447 .In -.000

144.? .3,+ .002 -.000 033.0 .100 .003 -. 030 0'I.' +10 .37? -. 046 000.0 .41? .010 -.007

049-I *0 .02 -.020 03w.I ) .1 .69o -. 10 1 0?.1 .400 .000 -.044 007.6 .41? .600 -. 000
000.. .20 .320 _.i74 094.0 .-2% 04 .002p 1?4.? .437 *l0 -.690 000.6 .410 .690 *.609

003.0 <t +i . 0 0 4 - .000 046-S '2? .040 -.040 0''.? .440 .000 -.040 00?.0 .404 .000 -.003

I . .40, .1 .42 040.0 .400 .007 -.003 009.0 .9?4 .070 -.000 096.0 .407 .06? -. 600
.400 i .004 -. 012 049.0 ,ll4 .603 -.04? 460.6 44? .04 *.009 090.0 .470 -.673 *.I?

.00 l.003 -.044 ooo.. .o9? .l00 -.604 003.3 .490 .il4 -.004 097.3 .4o0-.07 -. 606

tOO.?1 .'0 .311 -.04? 004.0 .099 .ll37 .100 066.0 .400 -. 000 -. 047 190.0 .07? -.693 -. 00ll
00?.? .00f .004 -- 640 o?3.0 .400 .ozl --too 707.4 .404 -.030 -. 340 097.2 *439 -.043 -.006

03?.? .017 .0i0 -. 4 000.6 .403 .61 -.10? 093.0 404t -. oO -. 40 090.6 .?04 -. 0*l -o040

046 .40 .00 -. 4 006.6 ' .11o -,0
lq  

090.0 .00? 0o~ .40 201.? .030-.1633 -.003

ilZ: .11 l1l 1

0i.. .00 i 001 -- 649 000.0 .474 -.600
1  

-.034 090.6 .#1 +..61 -.1
4 4  

747.6 .090 .003 -.000

033.0 '3. -.000 -. 004 0604 .'0 .607 -.04? 700.0 -'0.. 63 .1 -.604 700.0 090l .600 -. 003

040.? .10 -.004 -- 003? 00.2 ' 17 --, . 040 100.6 .064 .00' -.000 200.0 .903 .00l -. go

044.0 .021 -.0l0 --03' 004.0 .104 .000 -.000 700-0 .000 .0i' -.600 200.0 .?97 .007 -.604

700.0 .I -- - -" - 021 096.6 .t9? -000 -.600 709.0 .'60 -.600 -.00? 700.6 .090 .004 -.00

737.01 .oo-.00- .00 766.0 .40.'-.163 -.047 770-6 .000 -.00? -.000 379.0 .?I .609 -.000

200.0 >P .. 4 .0013 760.0 .404 -.030 -.040 770.0 .?9? -.00? -.004 0)3.7 .?04 .00? -.009

21..0 . 0? .614. -. 11 7i7.t . 12 -.14 p-.3 733.0 90 . 600.il -.304 200.0 ??)1 -.600 *.i?1
764.0 - i , -,. .00' ?Oo.' - ooo -. 34 -. 114 203.0 .93? .. 070 -.0.1 Ma0.6 .. 03 -.06? -. 600

200.0 -''- +3 I .002 704.7 .404 -. 640 .30 709.6 .900 -.370 -.600 292.0 .?93 -.007 -.677

200.? .404p -. 0m -000 700.6 .19 -. 00 -. 030+11 294.0 *-~ ??4 .13 -.309 240.0 .090 -.000 -.6??

210..' - 00 -.101 .00? 700.0 .104 -.lo3 -.030 700.0 .?32 -.001 -. 000 747.0 .197 -.00? -. 044

20'.' - -4 -.004 .004 200-i .1?? -.604 -.000 207.0 .??4 -.003 -.00? 249.0 .9i? .670 -.000

204.A .. 4 -.I 63 -.00? 70?.3 .160 .609 -.600 709.0 .??2 --000 -.00? 730.6 .?3? -. 000 -.l5

723.? .4 -. 1020 -.320 770.0 .142 .004 -.600 790.3 .?40 -. -. 4 -. 40 163.0 .70' -.00 -. 040

2'0.4 00l. 00-.0 -01 201.0 .410 .000 -.003 ?00.7 .'34 -.000 --040 1.0 .?90 -.000 -.043
?I.

0
q 1". . . . 0 -1 739.3 .10? .111 -.007 333.9 .1 -- , .100 -.040 299.0 .?09 -. 000 -.00

204.6 .'43 -0 i00 -. 40 ?04.0 -. 060-i -.00 70- 1 01 .693 -.1
4

1 290.3 .?93 .03?1 -. 609

704.3 "90-. 074 +.040 240.0 .00, -.600 -.600 790.3 .000 -. 04? .100 304.6 .' ".I600 -. 0
9

740.0 - 0. -.004 +*I04 744.0 .10? -.110 -.049 300.0 .130 -..000 -*000 307.0 .063 -. 000 -. 634
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APPENDIX G

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENT 15
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APPENDIX H

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENT 16
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE

NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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